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the C3H10T1/2 cell system (Ha85). At equivalent doses, alpha particles
were substantially more cytotoxic than gamma rays and were more efficient
in inducing oncogenic transformation. The calculated RBE value for alpha
particles ranged from 2.3 to 9 over the range of doses studied, with the
highest RBE value at the lowest dose. Recent results have suggested the
absence of a dose-rate effect with alpha particles (Hi87).

Previous studies by Lloyd et al. (L179) showed that at a dose corre-
sponding to a surviving fraction of 37%, about 14 particles traversed the
nucleus for each cell killed. The fact that on the average 13 particles
may traverse a cell nucleus without killing the cell may explain the high
efficiency with which high-LET particles induce transformed loci.

Agents That Modify Radiation Transformation

Many different classes of agents have been shown to modify radiation-
induced transformation in vitro (Ke84a). The tumor promoting agent 12-O-
tetradecanoyl phorbol acetate (TPA) has been studied in many laboratories
for its ability to enhance radiation-induced transformation. It is of particular
interest that promoting agents such as TPA can change the shape of the
dose-response curve for radiation-induced transformation, making it linear
(Figure 3-4) (Ke78). This alteration of the dose-response relationship also
occurs in promotion by TPA of radiation carcinogenesis in vivo (Figure 3-
5) (Fr84). While promotion can greatly enhance radiation transformation,
other agents can suppress radiation transformation or the enhancement
by TPA (Ke88). An example of the suppressive effect of the protease
inhibitor antipain on radiation transformation and the TPA enhancement
of radiation transformation is shown in Figure 3-6. Other examples of
agents which suppress radiation transformation are selenium (Figure 3-
7), which is thought to exert its inhibitory action by inducing glutathione
peroxidases, and 5-aminobenzamide, which is an inhibitor of poly-ADP-
ribose synthetase.

The frequency of transformation resulting from a given dose of ra-
diation can also be modulated by the level of thyroid hormone in the
serum. With high levels of T3 hormone (corresponding to hyperthyroid
conditions) the transformation incidence resulting from 3 Gray of x rays
is increased, while with low levels of T3 hormone, (corresponding to hy-
pothyroid conditions), the transformation incidence is not detectable above
the spontaneous level. The suppressing effects of some of these agents are
illustrated in Figure 3-7 (Ha87a).

GENETICS OF CANCER

As noted above, much evidence supports the concept that mutation is
involved in the etiology of cancer. Recent research has identified critical